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Objective: arteriography is the reference standard for the assessment of the lower leg arteries in patients with severe
lower limb ischaemia. Interobserver variation in arteriography interpretation may cause disparities with non-invasive
imaging modalities. We determined interobserver variation in lower leg artery assessment with intra-arterial digital
subtraction angiography (IaDSA) and subsequent patient management.
Materials: iaDSA studies of patients evaluated for severe claudication (n=5) or critical ischaemia (n=43).
Methods: arteriograms were independently judged by four observers. The popliteal and tibial arteries were graded as
fully patent, severely diseased, occluded or non-diagnostic. The dorsalis pedis, common and deep plantar artery were
graded as directly, indirectly or not filling the pedal arch or non-diagnostic. Agreement on grading arteries was expressed
as -values. Treatment plans (conservative, PTA, surgery, amputation, non-diagnostic) proposed by each observer based
on clinical information and iaDSA were compared.
Results: the rate of non-diagnostic judgements ranged from 1% in the popliteal to 22% in the pedal arteries. Overall
agreement was good for grading the popliteal arteries (=0.64), moderate for the tibial (=0.47–0.54) and fair for the
pedal arteries (=0.39). Agreement was good to excellent for grading occluded or fully patent popliteal and tibial artery
segments, and fair to moderate for grading severe disease. In 57% of cases at least 3 observers proposed identical treatment,
which indicates fair overall agreement (=0.33).
Conclusion: interobserver agreement on iaDSA is good to determine occluded or fully patent popliteal or tibial arteries,
but not for severe disease. This should be taken into account when other diagnostic modalities are compared with iaDSA.
Evaluation of diagnostic modalities as concordance in treatment plans is flawed by interindividual variation.
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Introduction visualise more patent distal vessels than conventional
angiography at a lower contrast load.4 A technically
A successful endovascular or surgical re- adequate iaDSA can be as accurate as intraoperative
angiography in detecting patent named vessels5 andvascularisation at or below the level of the popliteal
artery in patients with severe lower leg ischaemia is suitable as a guide to distal reconstruction.6
Since arteriography is an invasive procedure, muchrequires adequate information on the very distal ar-
teries. Arteriography is the accepted modality for effort has been put into the development of non-
invasive modalities such as duplex scanning (DS) andevaluation of the lower leg outflow tract. The technical
success of arteriography may be limited by several magnetic resonance angiography (MRA). The de-
termination of interobserver variation is an essentialfactors, such as poor cardiac function or renal in-
sufficiency. Reactive hyperaemia,1,2 pharmacological step in the development of new diagnostic tests. Next,
their diagnostic accuracy must be compared to ar-vasodilation2 and anterograde selective cath-
eterisation3 may improve the depiction of runoff ves- teriography as the reference standard. Several com-
parative studies on the assessment of the lower legsels. Intra-arterial digital subtraction techniques
(iaDSA) can prolong acquisition time, which is helpful arteries have reported disparity between ar-
teriography, MRA8 and DS.9–13 These discrepanciesin the case of slow or retrograde flow. It can help
may be explained in part by interobserver variation
in the interpretation of arteriography. Information on
∗ Please address all correspondence to: D. A. Legemate, Department interobserver variation with respect to the inter-of Surgery, G4-111, Academic Medical Center, PO Box 22700, 1100
DE Amsterdam, The Netherlands. pretation of the reference test is equally important. If
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Table 1. Characteristics of study population. 2 s) with the catheter tip placed as distally as possible
in the superficial femoral artery. Contrast volumesCharacteristic n (%)
were increased for filling of the foot arteries. Chemical
Median age 74 years vasodilation or reactive hypaeremia were not used.
(range 32–94) Antero-posterior and lateral views were obtained atMale sex 27 (56%)
Diabetes 20 (42%) each level. A ruler was placed along the lower leg to
Smoking (current or prior) 17 (35%) measure the distance from the upper rim of the patella
Hypertension (on medication) 15 (31%) to any lesions in the lower leg and to define theHyperlipidaemia (on medication) 0 (0%)
Coronary artery disease (angina, AMI, PTCA, 16 (33%) proximal, middle and distal thirds of the tibial arteries.
CABG) The arteriograms were printed on film and after initial
Cerebrovascular disease (TIA, stroke) 13 (27%) assessment by a radiologist (JR) presented blind toPrior intervention (PTA, bypass, 23 (48%)
endarterectomy) three vascular surgeons (DAL, RB, NK). Guidelines
were provided for assessment of the arteriograms
AMI=acute myocardial infarction, PTCA=percutaneous trans- to all observers, who, blinded to the other reader’sluminal coronary angioplasty, CABG=coronary artery bypass graft,
TIA=transient ischaemic attack, PTA=percutaneous transluminal interpretations, graded the supra- and infrageniculate
angioplasty. popliteal artery, tibioperoneal trunk, proximal, middle
and distal thirds of the tibial arteries as: 2 for no or
the reference standard test is subject to high inter- minor vessel wall irregularities and fully patent lumen;
observer variation, and therefore unreliable, tests com- 1 for severe irregularities, diffuse luminal narrowing
pared to this reference standard are likely to have a or isolated subtotal stenosis (corresponding with a
poor performance. Despite the fact that arteriography stenosis >50%); 0 for occlusion; and 9 for non-diag-
has gained worldwide acceptance as reference stand- nostic. The dorsalis pedis, deep and common plantar
ard, only limited data are available on interobserver artery scored 2 for direct filling of the pedal arch; 1
variation in the assessment of the infrapopliteal arteries for indirect filling of the pedal arch; 0 for no filling of
with arteriography. the pedal arch; and 9 for non-diagnostic. An arterial
The aim of this study was to determine interobserver segment with both stenosis and occlusion was con-
variation on assessment with iaDSA of the popliteal, sidered to be occluded. If a segment could not be
tibial and pedal arteries in patients with severe lower assessed because of movement or bone artifacts or
limb ischaemia and to determine variation in patient poor filling of an artery, iaDSA was non-diagnostic.
management based on clinical characteristics and After scoring of the angiogram, observers received
iaDSA. information on sex, age, symptoms, risk factors, cor-
onary artery and cerebrovascular disease, prior peri-
pheral vascular interventions, physical examination,
and if available, ankle-brachial index and toe pressure.Patients and Methods
It was assumed that all patients had suitable veins and
did not have wounds that would obstruct a necessaryPatients
incision. Based on this clinical information and the
iaDSA, each observer proposed a treatment plan. ThisA random sample of 48 patients was drawn from a
could be conservative treatment, PTA, bypass surgery,total of 120 included in a study comparing DS, pulse
primary amputation or that the iaDSA was consideredgenerated runoff and iaDSA for assessment of the
non-diagnostic.lower leg arteries14 (SAS for Windows 6.12, random
number generator, SAS Institute Inc, Cary, NC, U.S.A.).
These patients had severe claudication (n=5), isch-
Analysisaemic rest pain (n=16) or tissue loss (n=27) (Table
1).
Interobserver variations on iaDSA interpretation were
expressed as kappa () values and calculated according
to the method proposed by Fleiss for agreement be-
tween multiple observers for multiple test results.15Arteriography
This method provides a measure of overall agreement
and allows the determination of agreement on theBiplane selective iaDSA was performed using an ante-
grade femoral puncture. Non-ionic contrast (Iohexol different elements that compose overall agreement.
Interobserver variation on treatment plans was ex-350 mg J/ml, Nycomed, Oslo, Norway) was ad-
ministered by constant mechanical injection (10 cc in pressed as a simple -value. Kappa expresses the
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Table 2. Frequency of judgements. grading the respective vascular segments. Overall
agreement was good for the below-knee poplitealArtery Occlusion Severe Fully Non-
disease patent diagnostic artery, moderate for the above-knee popliteal artery,
the tibioperoneal trunk and the three tibial arteries,
AK popliteal 67 (35%) 64 (33%) 56 (29%) 5 (3%)
the dorsalis pedis artery and fair within the otherBK popliteal 56 (29%) 47 (25%) 89 (46%) 0 (0%)
TP trunk 59 (31%) 75 (39%) 52 (27%) 6 (3%) pedal arteries. Agreement on occlusions was excellent
AT proximal 108 (56%) 31 (16%) 48 (25%) 5 (3%) within the popliteal arteries, good within the three
AT middle 112 (58%) 21 (11%) 45 (23%) 14 (7%)
tibial arteries and moderate within the tibioperonealAT distal 101 (53%) 36 (19%) 40 (21%) 15 (8%)
PT proximal 123 (64%) 36 (19%) 26 (14%) 7 (4%) trunk and the pedal arteries. Agreement on severe
PT middle 129 (67%) 19 (10%) 31 (16%) 13 (7%) disease was worse, and ranged from moderate within
PT distal 122 (64%) 24 (13%) 35 (18%) 11 (6%)
the popliteal arteries to fair for the tibial and dorsalisPer proximal 74 (39%) 65 (34%) 48 (25%) 5 (3%)
Per middle 83 (43%) 44 (23%) 51 (27%) 14 (7%) pedis arteries and poor within the plantar arteries.
Per distal 90 (47%) 32 (17%) 56 (29%) 14 (7%) Fully patent segments were identified with good agree-
Dorsalis
ment within the anterior and posterior tibial arteriesPedis 81 (42%) 35 (18%) 42 (22%) 34 (18%)
Deep plantar 79 (41%) 21 (11%) 30 (16%) 62 (32%) and moderate agreement within the other arteries.
Common Agreement on non-diagnostic iaDSA was poor, except
plantar 74 (39%) 52 (27%) 37 (19%) 29 (15%)
for the popliteal and pedal arteries. Separate analysis
AK=above knee, BK=below knee, TP=tibio-peroneal, AT=an- of image interpretation by the three vascular surgeons,
terior tibial, PT=posterior tibial, Per=peroneal. with the exclusion of the radiologist, did not reveal
differences in agreement (data not shown here). Thirty
patients had an occluded superficial femoral arteryprobability of agreement beyond chance. Strength of
(SFA), nine patients had a >50% stenosis and in nineagreement can be interpreted as poor ( <0.20), fair
the SFA showed no significant abnormalities. In(=0.21–0.40), moderate (=0.41–0.60), good (=
patients with a normal SFA the pedal arteries were0.61–0.80) or excellent (=0.81–1.0).16
graded as non-diagnostic less frequently than in the
presence of a stenosis >50% or occlusion (3–8% vs.
15–25%). However, the presence or absence of SFA
occlusion did not influence interobserver agreementResults
on assessment of the lower leg arteries (data not shown
here).Table 2 lists the frequencies of grading disease within
Table 4 presents the treatment plans proposed bythe popliteal, tibial and pedal arteries by the radiologist
four observers based on clinical information and iaDSAand vascular surgeons on a segment to segment basis.
and the actual treatment of the included patients.The proportion of non-diagnostic judgements ranged
Absolute agreement between all four observers wasbetween 0% and 8% in the popliteal and tibial arteries
found in only 23% of the cases and in 57% at leastand ranged between 15% and 32% within the pedal
arteries. Table 3 lists the interobserver agreement on three observers agreed on the treatment plan. The
Table 3. Interobserver agreement for iaDSA readings expressed as -values (with 95% CI).
Artery Overall Occlusion Severe disease Fully patent Non-diagnostic
AK popliteal 0.59 (0.51–0.67) 0.79 (0.68–0.91) 0.52 (0.40–0.63) 0.50 (0.38–0.61) 0.25 (0.13–0.36)
BK popliteal 0.67 (0.59–0.75) 0.85 (0.73–0.96) 0.52 (0.41–0.64) 0.63 (0.51–0.75) NA
TP trunk 0.47 (0.40–0.55) 0.58 (0.47–0.70) 0.39 (0.28–0.51) 0.53 (0.41–0.64) 0.00 (0.00–0.08)
AT proximal 0.60 (0.52–0.68) 0.73 (0.62–0.85) 0.40 (0.28–0.51) 0.65 (0.53–0.76) −0.03 (−0.01–0.09)
AT middle 0.57 (0.50–0.65) 0.70 (0.58–0.82) 0.41 (0.30–0.53) 0.68 (0.57–0.80) 0.08 (−0.04–0.19)
AT distal 0.46 (0.39–0.54) 0.53 (0.42–0.65) 0.36 (0.25–0.48) 0.56 (0.44–0.67) 0.20 (0.09–0.32)
PT proximal 0.45 (0.37–0.53) 0.54 (0.42–0.66) 0.34 (0.22–0.45) 0.56 (0.44–0.67) 0.06 (−0.05–0.18)
PT middle 0.55 (0.47–0.63) 0.71 (0.59–0.82) 0.24 (0.13–0.36) 0.71 (0.59–0.82) 0.09 (−0.02–0.21)
PT distal 0.56 (0.48–0.64) 0.63 (0.51–0.74) 0.43 (0.31–0.54) 0.62 (0.50–0.73) 0.39 (0.27–0.50)
Per proximal 0.43 (0.35–0.51) 0.59 (0.47–0.71) 0.29 (0.16–0.39) 0.46 (0.34–0.57) 0.11 (0.00–0.23)
Per middle 0.51 (0.43–0.58) 0.68 (0.57–0.80) 0.39 (0.28–0.51) 0.53 (0.41–0.64) 0.13 (0.01–0.24)
Per distal 0.44 (0.36–0.51) 0.54 (0.42–0.66) 0.30 (0.18–0.42) 0.46 (0.35–0.58) 0.28 (0.17–0.40)
Dorsalis Pedis 0.52 (0.45–0.58) 0.58 (0.46–0.70) 0.48 (0.36–0.59) 0.59 (0.48–0.71) 0.36 (0.24–0.47)
Deep plantar 0.27 (0.20–0.34) 0.25 (0.13–0.36) −0.01 (−0.13–0.1) 0.42 (0.31–0.54) 0.33 (0.22–0.45)
Common plantar 0.35 (0.28–0.42) 0.47 (0.36–0.59) 0.14 (0.02–0.25) 0.34 (0.23–0.46) 0.47 (0.36–0.59)
CI=confidence interval, AK=above knee, BK=below knee, TP=tibio-peroneal, AT=anterior tibial, PT=posterior tibial, Per=peroneal.
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Table 4. Proposed and actual treatment based on patient profile and angiography.
Treatment proposed 1 obs 2 obs 3 obs 4 obs Total Actual
by
Conservative 4 2 2 – 14 (7%) 5 (10%)
PTA 10 3 5 1 35 (18%) 12 (25%)
Bypass
fem-pop 5 2 5 6 48 (25%) 10 (21%)
TP trunk 1 – – – 1 (0.5%) –
anterior tibial 6 2 1 1 17 (9%) 2 (4%)
posterior tibial 2 1 1 – 7 (4%) 6 (12%)
peroneal 4 2 4 3 32 (17%) 7 (15%)
pedal 4 – – – 4 (2%) 2 (4%)
Amputation 4 4 1 – 15 (8%) 4 (8%)
Non-diagnostic 8 1 3 – 19 (10%) –
Total 48 (25%) 34 (18%) 66 (34%) 44 (23%) 192
Overall =0.33 (95% CI, 0.26–0.39).
obs=observer, PTA=percutaneous transluminal angioplasty, fem-pop=femoropopliteal, TP trunk=tibioperoneal
trunk.
corresponding -value of 0.33 (95% CI 0.26–0.39) in- cannot be determined from our study. Three observers
dicates only fair overall agreement on proposed treat- had over 5 years’ experience with lower leg iaDSA,
ment plans. Treatment plans defined by an whereas one vascular surgeon had only 2 years’ ex-
interventional radiologist may differ from the ap- perience. The interobserver agreement between vas-
proach by surgeons. Separate analysis of agreement cular surgeons was not different from the results for
on treatment plans formulated by the three vascular all four observers. Table 5 shows the results of all
surgeons revealed a slightly better but still moderate available interobserver studies on arteriography of
agreement, with a weighted -value of 0.40 (0.30–0.49). the lower leg arteries, except for those presenting
aggregate data for the entire lower limb.18–20 The often
quoted study by Bruins Slot et al.21 reported only
fair interobserver agreement within the (infra)popliteal
Discussion arteries. If the observers had not agreed so often
on poor visualisation of the distal arteries, overall
The overall interobserver agreement for grading dis- agreement would have been even lower. It must be
ease with iaDSA was good within the popliteal arteries, noted that they used translumbar aortography, whichand moderate within all other arteries. Agreement on
nowadays has been replaced by anterograde puncturegrading segments as occluded or fully patent was
and DSA techniques. Despite different grading criteria,good in the popliteal and tibial arteries. This is in
three studies reported good or even excellent agree-contrast with the fair agreement on identification of
ment for the anterior and posterior tibial artery.12,13,24severe disease in all arteries, except the popliteal ar-
They also revealed that interobserver agreement isteries. An obvious explanation could be that our clas-
lower for assessment of the peroneal artery and thesification system is equivocal for grading severe
tibioperoneal trunk than the other tibial arteries. Al-disease. The severity of stenoses was not measured
though the reliability of arteriography as gold standardwith calipers, which as a consequence introduces a
seems to be established by these studies, it mustmore subjective judgement. On the other hand, our
be regarded with caution due to the relatively largescoring system may well reflect daily practice in which
proportion of patients with claudication included incalipers will not be used on a routine basis. Moreover,
these studies.it has been shown that measuring luminal narrowing
Data from the literature on interobserver variationof very small calibre vessels has a high coefficient of
of pedal artery assessment are scarce. Quinn et al.24variation.17 In addition, from other studies it cannot
found good agreement between four radiologists forbe concluded that quantifying the degree of stenosis
assessment of the dorsalis pedis artery. In the currentwith calipers reduces interobserver variation because
study agreement was moderate for the dorsalis pedissuch data have not been analysed in a way similar to
artery and only fair for the common and deep plantarthe method used in our study. Although all observers
arteries. Again, this could be caused by flaws in ourreceived guidelines on how to grade the severity of
grading system. Alternatively, it could be that ourdisease, differences in experience may also be re-
sponsible for the observed results. The effect of training efforts to obtain a technically adequate arteriogram
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Table 5. Interobserver variation on lower leg artery assessment, results from the literature.
Reference Technique n Indication #obs Categories Pop TP AT PT Per Pedal
CI/CLI/O -value
(%)
Bruins Slot21 TLA 21 100/0/0 11 <50/50–99/100 0.18 0.28 0.25 0.28 0.30 –
Larch12 iaDSA 50 54/46/0 2 A/B/C/D – – 0.79 0.87 0.52 –
Sensier13 iaDSA 51 49/51/0 2 <50/50–99/100 – 0.55 0.75 0.73 0.67 –
Koelemay11 iaDSA 23 9/91/0 3 E/F/G 0.46 – 0.59 0.67 0.42 0.33
Quinn24 CA, iaDSA 57 33/67/0 4 <50/<99/occ/diff 0.78 0.72 0.74 0.80 0.59 0.62∗
Leyendecker22 iaDSA 31 0/100/0 3 patent/occ infrapopliteal 0.69
Therasse23 iaDSA 51 45/32/23 3 <20/<49/<74/<99/occ infrapopliteal 0.71
Therasse23 CA 51 45/32/23 3 <20/<49/<74/<99/occ infrapopliteal 0.72
n=number of arteriograms, #obs=number of observers, Pop=popliteal artery, TP=tibioperoneal trunk, AT=anterior tibial artery, PT=
posterior tibial artery, Per=peroneal artery, pedal=pedal arteries, CI=intermittent claudication, CLI=critical limb ischaemia, O=other,
TLA=translumbar aortography, iaDSA=intraarterial Digital Subtraction Angiography, CA=conventional angiography, occ=occlusion,
diff=diffuse disease, ∗=dorsalis pedis artery. A=normal or plaques, B=single or multiple stenoses, C=long distance narrowing, D=
occlusion, E=minor or no vessel wall irregularity, F=severe irregularity, diffuse luminal narrowing, isolated subtotal stenosis, G=
occlusion.
were insufficient, because we did not augment flow clinical decision-making is subject to interindividual
variation. Kohler et al.25 found substantial intra-ob-by use of chemical vasodilators or reactive hypaeremia.
This may be the reason for the high number of non- server agreement on treatment plans for the same
patients based on DS and iaDSA, but considerablediagnostic judgements within the common and deep
plantar arteries. In addition, the fair agreement on inter-observer variation. Similar results were reported
for treatment plans based on MRA and iaDSA bygrading these arteries was predominantly the result
of agreement on non-diagnostic assessments. On the four radiologists24 or preferred treatment for critical
ischaemia among British surgeons.26 Such studies can-other hand, it is not known whether improved de-
piction of distal vessels improves interobserver agree- not determine whether variation in patient man-
agement would yield different outcomes, nor if ament. The studies listed in Table 5 cannot support this
assumption as only one study stated that it used flow “correct” treatment actually exists, but indicate that
evaluating the performance of two diagnostic mod-augmentation.22
Although the overall interobserver agreement was alities as concordance in treatment plans is not a valid
method.good for detection of occluded or fully patent popliteal
and tibial arteries, the proposed treatment plans varied In summary, the interpretation of iaDSA studies of
patients with severe lower leg arterial disease variesconsiderably. This cannot be attributed solely to dif-
ferences in interpretation of the arteriograms, as by among observers, especially for the detection of severe
lesions. This imperfect agreement should be takengiving clinical information to the observers con-
founding variables were introduced that were not into account when other diagnostic modalities are
compared with iaDSA as reference standard. Evalu-controlled for. Moreover, differences in background
may overemphasise interobserver variation. Although ation of diagnostic modalities as concordance in treat-
ment plans is flawed by interindividual variation.an interventional radiologist has a different approach
to clinical problems, separate analysis for the vascular
surgeons showed only slightly improved interobserver
agreement. The design of our study does not allow us
Acknowledgmentsto explain the observed differences in management.
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